Background: The potential for unsafe acts to result in harm to patients is constant risks to be managed in any health care delivery system including pharmacies. The number of reported errors is influenced by a various elements including safety culture. The aim of this study is to investigate a possible relationship between reported dispensing errors and safety culture, taking into account demographic and pharmacy variables, in Swedish community pharmacies. Methods: A cross-sectional study was performed, encompassing 546 (62.8%) of the 870 Swedish community pharmacies. All staff in the pharmacies on December 1st, 2007 were included in the study. To assess safety culture domains in the pharmacies, the Safety Attitudes Questionnaire (SAQ) was used. Numbers of dispensed prescription items as well as dispensing errors for each pharmacy across the first half year of 2008 were summarised. Intercorrelations among a number of variables including SAQ survey domains, general properties of the pharmacy, demographic characteristics, and dispensing errors were calculated. A negative binomial regression model was used to further examine the relationship between the variables and dispensing errors.
Background
The potential for unsafe acts to result in harm to patients is a constant risk to be managed in any health care delivery system. In pharmacies these unsafe acts might consist of dispensing errors that can result in patients receiving the wrong medicine. In community pharmacies, these errors are present in a frequency varying between 0.01% [1, 2] and 22% [3] , depending on the definition of dispensing errors and the method used to assess these errors. Types of errors include selection errors such as improper choice of medicines, dosage forms, strengths or quantities, as well as erroneous dosage instructions [1, 2, [4] [5] [6] [7] . The causes of dispensing errors vary but commonly noted causes are look-alike packages and similar brand names [1, 8] . The context in which these errors occur also have a strong impact and includes such variables as fatigue, high workload, overwork and interruptions [2, 5, 9] .
A variety of measures are used to prevent and manage errors [2, 7, 9] . One of the main measures is the use of reporting systems, providing possibilities to analyse and subsequently prevent errors. However, research findings show that such structured attempts to collect reports on errors are not always successful and the relationship between actual numbers of errors and the reported number of errors is not clear-cut, since reporting is influenced by a number of elements resulting in lack of reports [10, 11] . The reasons include inadequate and unsatisfactory safety procedures, resulting in a lack of common definitions and classification of errors [12] , staff ignorance of the purpose of reporting, [13] or shortcomings in staff abilities to follow existing guidelines. [14] They also include the impact of inter-and intra-professional values and interactions. [14] Other reasons can be attributed to the safety culture in the workplace, including employees' shared perceptions of policies, practices, and procedures that are rewarded, supported and expected [15] .
The safety culture is thus an important part of the context, regarding error handling and patient safety issues in health care, including pharmacies., In search for valid yet feasible methods for conducting annual assessments of safety culture, healthcare organisations have used survey questionnaires that measure frontline caregiver perceptions. These provide a snapshot of the larger culture through multiple dimensions such as safety climate, teamwork climate, and stress recognition [16, 17] .
Studies on the relationship between safety culture and dispensing errors are scarce. In an American study, the overall safety climate of a hospital unit was found to predict medication errors, and a more positive safety culture was associated with fewer incidents [18, 19] . A strong safety culture might reinforce adherence to medication administration practices and encourage an open and constructive response to errors [18] . In a strong safety culture, employees tend to perceive procedures as suitable and safety information as available. The norm is to openly confer about safety issues and the willingness to report treatment errors is high [19] .
There might be other factors contributing to incidence and reporting of errors. These include demographic variables. Seniority has been found to bring about experience [20] , which might reduce the risk for error making. Cultural differences and language difficulties between health care personnel increase the risk for medical misunderstandings [21] , which may potentially increase the risk for errors. The term diversity is used to describe the variance of demographic characteristics such as for instance age, education and role at worksite [22] . This aspect, although complex, might add important information about the impact of staff composition on reporting of errors. Pharmacy characteristics may also be related to reported dispensing errors.
The relationship between errors and culture has, to our knowledge, not been systematically studied in community pharmacies. Thus, the aim of this study is to investigate the possible relationship between reported dispensing errors and safety culture, taking into account demographic and pharmacy variables, in Swedish community pharmacies. It has to be pointed out that this is an explorative study only and further analyses on variables might be a next step, given that co-variation is found.
Methods
A cross-sectional study was performed, using routinely collected pharmacy data and a separately conducted survey distributed to staff at Swedish community pharmacies.
Setting
Until June 2009 Swedish community pharmacies were owned by the National Corporation of Pharmacies. The corporation was responsible for all of the approximately 870 community pharmacies in Sweden at the time of this study. (Since 2009, a deregulation of the pharmacies in Sweden is in effect, and the pharmacy market has been opened to all interested parties.) There were approximately 7,000 staff members in these pharmacies; the largest professional category was made up of pharmacists (61%) [23] .
Measures

Reported dispensing errors
Reporting dispensing errors in Swedish pharmacies is mandatory by law [24] . These reports were, at the time of the study, submitted through a national, web-based error reporting system and kept at the headquarters of the National Corporation of Pharmacies. In December 2007, 14.99 dispensing errors per 100,000 dispensed prescription items were reported in the Swedish community pharmacies [25] .
A dispensing error, is a deviation that includes incorrect dispensing, counseling of service to a patient (by the National Corporation of Pharmacies, 2008 The safety attitudes questionnaire Information on safety culture in Swedish pharmacies was collected using the Safety Attitudes Questionnaire [23] . It is a validated survey instrument that provides a snapshot of staff perceptions, attitudes, and beliefs about quality of safety and teamwork in a particular work setting. The SAQ has six dimensions including Teamwork Climate, Safety Climate, Perceptions of Management, Job Satisfaction, Working Conditions and Stress Recognition [16] . Together these scales provide a multidimensional profile of the safety-related norms in a given work setting. Higher scores on each of these scales, represent more safety awareness and readiness to manage risk by the staff.
All the people listed as employed in all Swedish community pharmacies on December 1 st , 2007 were asked to participate in the survey on safety climate; SAQ. The survey was translated and adapted for use and distributed to staff in Swedish community pharmacies in 2008 [23] .
Demographic variables
Respondent demographic items included age, country of birth, educational level as well as in which country the education was provided, and role in pharmacy (e.g. pharmacy manager) [23] .
Dispensed prescription items
Numbers of dispensed prescription items; DPIs, were available from the National Corporation of Pharmacies. These data were compiled for each pharmacy from January through June of 2008. Inclusion criteria for pharmacies, based on volume, included only pharmacies with at least 1,000 dispensed prescription items during this period. Only one pharmacy had less than 1,000 DPIs a and was hence excluded in this study.
Response rate
Response rate was studied as an extra control variable in order to investigate if general responsiveness among the staff had an impact on the possible relationship between safety climate and dispensing errors.
Study group
Pharmacies with at least three respondents were included. Out of the total number of pharmacies 546 (62.8%), including 3,654 (54.7%) respondents, met the inclusion criteria of at least three respondents and 1,000 dispensed prescription items during the first half year of 2008.
The SAQ is originally validated for units with at least five respondents [16] . The rationale behind this threshold was to protect the confidentiality of respondents and to target a minimum number of individuals to assess a culture [26] . However, a considerable number, approximately 27%, of Swedish pharmacies have three or less employees. Allowing the use of lower threshold of respondents per pharmacy would meaningfully increase the usability of this survey tool. Consequently, the validity of a lower threshold of respondents in pharmacies was tested, under the assumption that a unit with at least three individuals may also have a joint culture. The psychometric validation of this group of respondents is included in Additional file 1: Appendix A.
Statistics
Level of analysis
The analysis was conducted at the pharmacy level. Individual questionnaire responses were aggregated by calculating, for each pharmacy, the mean scores of each variable. The SAQ uses consensus assessments whereby group-level perceptions are garnered to see what views the pharmacy personnel have in common [27] [28] [29] . To justify the aggregation of scores from the individual to the pharmacy level of analysis, homogeneity of scores or a within-unit agreement and between-unit variance should be demonstrated. James, Demaree, and Wolf's r wg(j) index [30] was computed; this is a measure of intra-group agreement of homogeneity. The r wg(j) agreement index represents the interchangeability of respondents and is used to determine the appropriateness of aggregating data to higher levels of analysis. It attempts to determine whether one group member's response is basically identical to another group member's response. The r wg(j) is a groupspecific index; that is, it is an index that is calculated for each of the groups in the sample. Any r wg(j) values greater than 0.70 are viewed as providing acceptable support for aggregating data to a unit level of analysis [31] .
ICC(1) (Intraclass Correlation Coefficient) values represent the amount of variance in individual perceptions that can be explained by unit or team membership; i.e. being a staff member in a specific pharmacy. ICC (2) is an index that represents the reliability of the group mean within a sample and varies as a function of group size and the ICC(1) value. ICC(1) was computed from a one-way ANOVA. In this ANOVA the SAQ dimensions comprise the variable of interest (dependent variable) and pharmacy membership is the independent variable [31] . ICC(2) was computed from ICC(1) via the Spearman-Brown formula [31] . Many researchers simply evaluate the statistical significance of the ICC(1) value to assess whether there is meaningful non-independence among survey responses [32, 33] which is also done in this study. Together, this package of indices gives insight into how much the members of a pharmacy agree with one another and how different teams are from one another, both of which are important for understanding the impact of combining individual team member perceptions into team-level metrics. The analyses were carried out using functions provided in the multilevel package for R; version 2.10.0, 2010.
The result of the r wg(j) analyses is included in Additional file 1. The r wg(j) agreement index presented for the SAQ domains shows moderate (Stress Recognition, Perceptions of Management), but mainly strong agreement within pharmacies ( Table 1 ). ICC(1) values were all statistically significant, demonstrating between-unit significance for all survey domains. However some variation was present, and while 19% of the variability in any one respondent's rating of Teamwork Climate is a function of the pharmacy group to which the individual belongs, only 4% of Stress Recognition is a function of this group belonging. The ICC (2) values for Job Satisfaction and Perceptions of Management are reasonable. Acceptable within-unit homogeneity was however present across survey domains, with the exception of the Stress Recognition domain. In the case of Stress Recognition, there is significant variability between pharmacies, but relative to the other scales, the source of variation coming from within the pharmacy as a collective view was lower. This suggests that Stress Recognition is less of a consensus perception than the other domains, which is consistent with previously published studies [16, 34] . Thus Stress Recognition might be considered as an additive construct [29] .
Data analysis
In a descriptive analysis, intercorrelations for all the variables in the questionnaire, as well as number of employees per pharmacy, dispensed prescription items per pharmacy, response rate and errors were calculated using R.
Based on these intercorrelations, a negative binomial regression model was used to further examine the relationship between pharmacy characteristics and domains of the SAQ and the outcome dispensing errors. This model is appropriate when modelling a non-zero, countbased outcome in which there is overdispersion [35] . Functions in the MASS package of R were used to estimate the negative binomial models. The results are to be interpreted as follows: For a one unit change in the predictor variable, i.e. the difference in the logs of expected counts of the response variable is expected to change by the respective regression coefficient, holding all other variables constant.
Approval of ethics committee
No approval was required from the ethics committee according to the Swedish law b at the time of the data collection. Ethical considerations were met however; responding to the questionnaire was voluntary and all answers were de-identified to maintain confidentiality.
Results
In the descriptive analysis the means, standard deviations, and correlations among the variables at the pharmacy were calculated (Tables 2 and 3 ). A number of significant correlations between dispensing errors and SAQ dimensions were found. A significant negative correlation was found between dispensing errors and Teamwork Climate (−0.09), Safety Climate, (−0.12) and Job Satisfaction (−0.12) respectively; high levels in these SAQ dimensions were associated with low levels of errors. A significant positive relationship was demonstrated between the Stress Recognition dimension (0.10) and dispensing errors, i.e., respondents that acknowledged the impact of stress on their performance, were more likely to report dispensing errors.
Reported errors were significantly positively correlated to number of employees, educational diversity (i.e. a higher value indicates greater variety across pharmacy members in their education background), birth country diversity, education country diversity, and number of dispensed prescription items. Thus pharmacies with higher numbers of reported dispensing errors were also likely to have a high number of staff, a diverse staff (education level/country of education/country of birth) and also, a high number of dispensed prescription items. A significant, but negative, correlation was found between reported dispensing errors and mean age, i.e. the older the staff the lesser the numbers of dispensing errors. A negative correlation was also demonstrated between response rates and reported dispensing errors; pharmacies with high response rates on our survey demonstrated fewer dispensing errors.
A second analysis was carried out; i.e. those variables displaying a significant relationship to reported dispensing errors in the descriptive analysis, were included in a negative binomial regression analysis, displayed in Table 4 . The number of dispensed prescription items and number of employees were both significantly and positively related to reported dispensing errors. Mean age was significantly and negatively related to these errors. Pharmacies that were more diverse with respect to whether staff members had received their education outside Sweden tended to report more errors. When controlling for respondent demographics, the only SAQ survey domain significantly related to dispensing errors was Stress Recognition; pharmacies in which respondents reported higher levels of stress recognition had higher frequencies of reports on dispensing errors.
Discussion
This study explores the relationship between safety climate and the reporting of dispensing errors in a national sample of community pharmacies in Sweden. An association between safety climate and errors has been established in other parts of health care [18, 19] . No significant relationship between reported dispensing errors in Swedish community pharmacies and Safety Culture, after controlling for variability in respondent and pharmacy demographics, was found. The presence of an unusually strong safety culture in these community pharmacies, as compared to other health care settings in the USA [23] , has been previously reported. An explanation for this strong culture might be the fact that the National Corporation of Pharmacies for a long time put great effort into quality management and worked intensively on initiating measures for continuous improvements [37] . This included elements like definite guidelines; i.e. standard operation procedures for the dispensing process and other processes. Various indicators were used to assess quality in pharmacies and for instance all staff went through quality education around 2000. Thus it could be assumed that good quality awareness, with a 1 Age diversity and Education diversity is an assessment of Standard Deviation. 2 Birth Country Diversity, Education Country Diversity and Role Diversity is calculated using Blau's index; an index to measure variety across categories. It ranges from 0 to 1, with 1 indicative of more variety in a given grouping [36] . 3 Dispensed Prescription Items.
ruling influence on safety issues in pharmacies, was present and impacted the outcome of this survey. Thus one possible explanation for the lack of association is that a ceiling effect may have reduced the possibility to discriminate between pharmacies. Anecdotally, recent work at Johns Hopkins Hospital suggests that the more mature a reporting system is, the more the relationship between SAQ dimensions and error reporting declines [38] . Perhaps it is the case that, as staff build confidence and trust around safety standards and reporting procedures, the predictive power of safety culture as a proxy for "safety-related trust" is diminished. The system becomes a natural part of the work place and therefore only an increasingly weak relationship with reported dispensing errors would be found, which could be one explanation to the pattern of results found in the current study. The differences between settings in this study compared to those in the other studies; i.e. hospital units vs. pharmacies, as well as difference in instruments used for assessing safety climate and error-reporting systems used, also make direct comparisons difficult. As our study is larger than the other studies, lack of power is however not likely to explain the lack of association, if there is one.
The SAQ dimension Teamwork Climate has also been demonstrated to be strong in Swedish community pharmacies, [23] and presumed to reveal prevalence of good co-operation and respect among staff [39, 40] . As already noted, no relationship was found with dispensing errors in this study, after controlling for demographic variables. Again, a ceiling effect might partially explain this.
The only Safety Attitudes Questionnaire domain that was significantly, positively, correlated with dispensing errors, after controlling for demographics, was Stress Recognition. In SAQ this dimension is an indicator of individual attitudes rather than of group attitude, since the dimension, unlike all other dimensions, is dominated by items referring to "I" rather than "we" (see Additional file 1). It might be questioned whether there is a place for a dimension primarily assessing individual's selfawareness within the framework of the presumed collective safety climate area. The within-unit and betweenunit analysis has however ensured that this variable performs satisfactorily at group level, although considerably poorer than the other dimensions. When staff members in a pharmacy experience dispensing errors, the awareness of the risk of errors may increase, with increased stress recognition among staff as one possible outcome. This may explain the counterintuitive relationship between stress recognition and dispensing errors, where more self aware staff members, with regard to how they behave under pressure, is associated with more reported dispensing errors. This seems to be contrary to prior research linking higher stress recognition to better performance in commercial aviation pilots [41] , but further investigation is warranted. In an American study, safety climate was negatively related to incident reporting volume, while stress recognition was independently positively related to incident reporting volume, which correlates with our findings [42] The difference between that study, and the current study, is that this national sample of community pharmacies included far more demographic variables, which were not controlled for in the American study. If controlling for demographic variables diminishes the predictive power of safety culture over incident reporting, then the current study has identified the importance of controlling for respondent and site demographic variables. It is possible that the size of this nation-wide study was so large, and the number of demographic variables was so comprehensive, that few other studies (to date) into incident reporting have the ability to attempt such an analysis.
Relationships were found between high levels of dispensing errors and high numbers of dispensed prescription items and employees, respectively. This might be an indication of the fact that the bigger the pharmacy, in terms of number of employees and prescription volumes the busier the surroundings are. It might become difficult to convey information on safety issues and prescriptions and have informative communication between colleagues; misunderstandings might be more common. It will also become harder to get to know your colleagues [43] . A relationship was also found between age and dispensing errors; the higher the mean age in a pharmacy is, the lower the number of dispensing errors is. Seniority has been found to bring about experience [20] . The senior staff might make fewer errors, as they are more experienced, know the pitfalls and can avoid them. Who makes most errorsthe experienced staff or the more junior staff? This question has been evaluated by O'Shea [44] in a literature review, but the answer was inconclusive.
In the first correlation analysis a number of relationships regarding demographic diversity were found and significant relations were found between reported errors and education, birth country as well as education country. The only remaining relationships, after having controlled for covariates in the regression analysis were education background diversity and an association between having a heterogeneous staff with regard to educational background (non-Swedish/Swedish) and dispensing errors. The more multifaceted the educational background is, the more errors are reported. Misunderstandings between different cultural groups of health care personnel have been reported in Sweden [21] . Cultural differences and language barriers in pharmacies might lead to misunderstandings and misinterpretations, resulting in more errors. A non-native health-care staff might also experience a more difficult working situation in relation to patients, due to cultural differences [45] and communication problems [46] which might increase the risk for errors. It is important, however, to remember that these problems are balanced by the advantages of having multicultural competence at the working site and the degree of advantages depends largely on leadership [47] . This exploration suggests a possible relationship between demographic diversity variables and reported errors. The theory behind demographic diversity is complex [22] and an in-depth analysis might be worthwhile.
A negative association was found between the numbers of dispensing errors and response rate. A high response rate on a questionnaire about safety attitudes might be a measure of the staff's attentiveness to these issues. If so, a high response rate might be an indicator of responsible behaviour, which in turn might be associated with deliberate and careful dispensing behaviour.
A high agreement between reported errors and actual errors is assumed, based on the fact that the reporting system is relatively mature [23] . The Swedish reporting system is now over 10 years old and administrative procedures are in place. There is a clear-cut definition of a dispensing error and specific guidelines regarding handling of errors. Such clarity is considered to positively incentivize reporting behaviour [12,14. Several measurements have been made over the years, which has put a focus on dispensing errors in the National Corporation of Pharmacies, e.g. the introduction of an intervention, targeted to reduce specific errors [22] . Feed-back has been provided to the users on a regular basis over the years. Other studies have demonstrated that when safety climate is very positive (i.e. safety "trust" is high), the reported number of errors is closer to the actual number of errors [48] . Experiences of previous handling of errors influence the way staff behave, i.e. a mature and non-punitive approach to errors will result in a higher degree of detecting and reporting of errors.
Conclusion
This study replicated previous work linking safety climate to reporting behaviour, but went one step further and controlled for a variety of demographic variables. After controlling these variables, the relationship between safety climate and dispensing errors was rendered insignificant, while the relationship to stress recognition remained significant. A few demographic variables; i.e. age and education country diversity also were found to impact reporting behaviour. Further studies on the demographic variables might generate interesting results.
